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SUMMARY 

Tests were conducted to Investigate the effect of 2 -percent 
additions of nine aromatic amines on the knock-limited performance 
of AN-F-28 (28-E) fuel. Shook tests were made of nine aromatic 
amines synthesized, or purchased and purified, at the NACA 
Clove land laboratory. The amines are 2,4-xylidine, N-ethyl aniline, 
2,4-diethylaniline, dlphenylamlne, N, N-d iethyl-g-phenylonediamlne , 
N-lsopropyl-p_-isopropylaniline, N,N' -dlmethyl-p_-phenylenedlamlne, 
N, N-dimothyl-£-phenyloned i amine , and oumldines (from refinery 
oumone). The knock-limited performance of 28-R fuel with and 
without 2-percent additions of each of these aromatic amines was 
determined In a CFR engine under three sets of operating conditions 
Including F-4 conditions. Limited F-3 tests were also run. A 
brief analysis is also presented of the antiknock effectiveness of 
the aromatic amines based upon the data given In parts I and II as 
well as In the present report. 



The results based upon the antiknock effectiveness of the 
27 aromatic amines obtained to date from this program are summarized' ' 
as follows: 



1. The following aromatic amines tested oould be of use as 
aviation-fuel additives: 

(a) Dlphenylamlne gave the most consistent power improve- 
ment, roughly 10 peroent, at all fuel-air ratios and engine condi- 
tions. 

(b) N-Methyl-p_-toluidine, N,N-dlethyl-£-phenylenediamlne, 
N,N' -dimethyl -£-phenylenedlamlne, and N,N-dlmethyl-£-phenylenedl- 
amine were very good antlknook agents under modified conditions 
but their knock-limited performance was sensitive to Inlet -air 
temperature and fuel-air ratio. 
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(c) Other aromatic amines that showed promise as anti- 
knock agents are aniline, jo- I eopr opylani line , 2,6-xylldlne, 
ccmmerolal xylidinos, 2,4-xylldine, j>-toluidine, N-methylaniline, 
and p- tert -butylanlline. 

2. The following characteristics of the molecular struoture 
were found In this Investigation: 

(a) An Increase In the length of an N-alkyl radical 
"beyond one carbon atom depreciated the power improvement in both 
the lean- and the rich-mixture region at the engine conditions 
tested . 

(b) The order of decreasing temperature sensitivity and 
Increasing performance among the toluidlnes was ortho, meta, and 
para. Under modified conditions, however, the difference between 
the meta position and the para position was less definite because the 
meta position gave better performance at some fuel-air ratios. 

(c) Dlphenylamlne did not have the sensitivity to fuel- 
air ratio and engine conditions common to all of the other single- 
ring structures tested. The desirability of further tests on 
double-ring compounds is indicated-* 

(d) Less sensitivity to engine conditions at lean mix- 
tures was experienced with 2,6-xylidlne than with 2,4-xylidine. 

3. No significance was attributed to any slight changes in 
Indicated specific fuel consumption that occurred with the various 
aromatic amines during the course of the project. 



IMTEOIXJCTION 

A general program Is being conduoted by the NACA at the 
request of the Army Air Forces, Materiel Command, to determine the 
effectiveness of aromatic amines as antiknock additives in aviation 
gasoline. The data presented in this report were obtained during 
May 1944 at the Aircraft Engine Research Laboratory, Cleveland, Ohio. 

This report Is part III of a series of five reports presenting 
knock data on a total of 48 aromatic amines. (See references 1 
and 2.) Reported horein are the experimentally determined knock- 
limited performance data for 2-percent blends of nine aromatic 
amines in AN-7-28 (28-R) fuel. 
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The porf ormano© data for all the aromatic amines tested to date 
at this laboratory are summarized In this report. This summary 
correlate a the knock-limited performance at different degrees of 
engine severity and at different fuel-air ratios with the molecular 
structure of the amines. It also permits an evaluation of the 
relative effectiveness of the amines as additives In aviation 
gasoline although It must he emphasized that knock In a CFR engine 
Is the only criterion used In this report. Reports dealing with 
the preparation and the physical and Chemical properties of the 
amines and their gasoline blends have been published by this 
laboratory as references 3 and 4. 



The preparation of the aromatic amines tested In this part of 
the program was carried on under the direction of Dr. W. T. Olson 
of the laboratory staff. The amines, with the exception of the 
cumldlnes, were distilled through a fractionating column and a 
narrow fraction (approximately 1° C) in the middle of the boiling 
range was selected. The oumidinos tested for this report (tables I 
and II) were prejiared from refinery cumene; the oumldines previously 
tested (reference 2) were prepared from synthetic cumene. 

The data were obtained by using the same F-4 knock-testing 
engine, base stock, operating conditions, and operator as used in 
part II of this program. (See reference 2.) 

The threa Bets of operating conditions wore as follows: 



At each of these sots of conditions, 28 -E fuel and a 2 -percent 
blend of an aromatic amine in this gasoline were tested on the 
same day. In addition F-3 tests were made on the amine blends when 
quantity permitted. Because of solubility and quantity limitations, 
1.76-peroent N,N' -dimethyl -j>-phenylenediamlne was tested only under 
modification A condition. Quantity limitations also permitted tests 
of N,U-dlmethyl-p_-phonylenediamine only under F-4 and modification A 
conditions. 



APPARATUS AND TEST PROCEDURE 



Inlet -air Spark advance 

temperature (deg B.T.C.) 
(op) 




F-4 method 
Modification A 
Modification B 



225 
250 
150 



45 
30 
30 



375 
250 
250 
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DISCUSSION OF RESULTS 

Figures 1 to 9 present the knock-limited performance data for 
nine aromatic amines tested under the three sets of conditions. 
Each figure oompares the effeots of the transition from -severe to 
mild test conditions for 28-R fuel and a 2-percent addition of an 
aromatic amine in this gasoline. 

Table I is a summary of the relative power obtained by using 
2 percent aromatic-amlne additives at fuel-air ratios of 0.062, 
0.070, 0.090, and 0.110. Table II presents the F-3 rating of the 
fuel blends. Of the nine amines tested, diphenylamine vas out- 
standing because it was apparently insensitive to fuel-air ratio 
and engine conditions and gave a consistent power improvement of 
about 10 percent. An F-3 rating of 120 performance number (see 
table II) given to diphenylamine is an added indication of the 
lean-mixture response at severe engine conditions. 

The symmetrical addition of two amine groups to the aromatic 
ring resulted in greatly increased power at moderate conditions. 
At severe conditions the rich-mixture response was good but the 
relative power improvement was considerably depreciated at lean 
fuel-air ratios. The greatest power Improvement of all the 
amines tested was given by l^N'-dimothyl-pj-phenylenediamine at 
modification A condition but the tests were limited because of 
lack of material. The results of the N,N-dimothyl-p_-phenylene- 
dlamlne and N,N-dietlr/l-£-phenylenediamine indicate that the double- 
amino compounds are sensitive to engine conditions. 

The addition cf 2-percent 2,4-xylidine to 23-E fuel gave about 
the same result as previously experienced with other xylidine 
isomers. It acted very well as an additive at moderate engine 
conditions but with increasing severity of engine conditions the 
power Improvement became increasingly dependent on fuel-air ratio. 
Sensitivity to engine conditions has come to be expeoted with the 
xylldlnes . 

The three otLor aromatic amines tested in this part of the 
program, N-othylaniline, 2,4-iiethylaniline, and N-isopropyl-p_- 
isopropylaniline, showed poor antiknock properties as aviation- 
. fuel additives. None of them had very good rich-mixture response 
and each one either acted as a proknock agent or gave little power 
Improvement in the lean region. 

No significance was attributed to any slight changes In indi- 
cated specific fuel consumption that occurred between the various 
test fuels during the course of the project. 
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Figures 10 to 14 summarize the data on the 27 aromatic amines 
tested to date In this program. These figures have been prepared 
from references 1 and 2 and from table I In this report. The 
effect of the toluldinee and aniline" on the knock-limited perform- 
ance of AN-F-28 fuel is summarized in figure 10. 

For lean-mixture Improvement under severe conditions, the 
methyl radical in the para position gave the most satisfactory 
results. At modified conditions, however, the meta position gave 
better results. Of the p_-toluidines, N-methyl-p_-toluidlne per- 
mitted the best average knock-limited performance. When the N-alkyl 
side chain was extended beyond one methyl group, the power improve- 
ment was depreciated. 

The same trends of knock- limited performance with respect to 
structure and engine conditions are Indicated by both figures 10(a) 
and 10(b) . At modified conditions the difference In power improve- 
ment between the ortho, meta, and para positions are not so evident 
as under P-4 condition. Again, the addition of more than one carbon 
atom to the amino group on the p_-toluidine depreciates the rich- 
mixture response. Figure 10(b) clearly shows that N-methyl-£- 
toluldlne has a better rich-mixture response than any other 
toluidlne tested. 

The knock-limited lean- and rich-mixture performance of N-alkyl- 
aniline is presented In figure 11. At modified conditions 
(fig. 11(a)), N-methylaniline and aniline gave a better lean- 
mixture knock-limited performance than did the other amine additives 
presented. The limit of profitable addition to the nitrogen atom 
seems to be one methyl group, beyond which the Improvement in 
knock-limited power docreeises very rapidly. 

The trend for the rich-mixture response (fig. 11(b)) is the 
same as that for the lean-mixture response. Again, N-methylanillne 
and aniline gave a bettor performance than the other amines and 
further extension of the N-allphatio side chain beyond one methyl 
group decreasod the ioiock-llmltod power improvement. A slightly 
better average rich-mixture response was obtained with N-methylanlline 
than with aniline. A noticeable depreciation of the knock-limited 
power was experienced in going from N-methylanillno to N, N- dimethyl - 
aniline and from N-cthylaniline to N,N-dlethylanlllne. A greater 
knock-limited power was permitted with N,N-diethylanlllne than with 
N, N- dime thy lani line although N-methylanlline gave a greater knock- 
limited powor than N-othylanlline. 

The effeot of alkyl substitutions to tho aromatic ring on the 
rich- and the lean-mixture knook-llmlted performance Is shown in 
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figure 12. A comparison of p_-iaopropylaniline with, aniline Indi- 
cates that the addition of the isopropyl radical increased the 
lean-mixture response at modified conditions "but had no apparent 
effect at F-4 condition. The addition of a methyl radical to the 
isopropyl radical (p -t ert- butylanlline ) resulted In a more consist- 
ent performance undar severe and mild operation. When this methyl 
radical was added to the 2 position of the aromatic ring instead 
of to the isopropyl (4-isopropyl-2-methylaniline), the lean-mixture 
response became better at modified conditions and was worse at 
severe conditions. 

When ethyl groups were placed on the 2 and 4 positions 
(2,4-dlethylanlline), a lower knock-limited performance resulted 
than with 2,4-xyl^dine in all tests presented. In a comparison of 
the xylldlne isomers, moving one of tho methyl groups from the 4 
to the 6 position apparently decreased the sensitivity to engine 
conditions . 

On the basis of the rich-mixture data shown in figure 12(b) 
not much choice can be made among aniline, p_-isopropylani2ine, 
p- tort -butylanllino , and 4-isopropyl-2 methylanl line . In the 
F-4 tests, 2,6-xylidine, 2,4-xylidine, and 2,4-diethylaniline 
gave progressively less favorable performance in the order given. 
A comparison of the amines presented in figure 12 shows that 
p -tort -butylanllino was less sensitive to engine conditions than 
the other compounds presented. 

In figures 13 and 14 the indicated mean effective pressure 
ratio is plotted against the number of carton atoms in each molec- 
ular structure. For convenience, the aromatic ring structure 
rather than the chemical name of the compound designates its posi- 
tion (located by a point) on the graph. Figure 13 presents a 
summary of the data obtained under F-4 condition at fuel-air 
ratios of 0.062 and C.110. A similar study at fuel-air ratios of 
0.062 and 0.090 for data taken under modification A condition is 
presented in figure 14. 

The existence of several trends can be noted from a study of 
these charts and two of the more obvious ones are indicated by the 
connecting linos. The effect of varying the IT-alkyl radicals on 
aniline and on the £-toluidines is indicated by solid and dashed 
lines, respectively, connecting similar structures. For radicals 
with more than one N-methyl group, the relative knock-limited 
power, in general, decreases. 

Two nitrogen atoms attached to the aromatic ring produced a 
very good performance at modified conditions and a good rich-mixture 
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response at severe conditions but the knock-limited power of these 
amines was sensitive to engine operating conditions at lov fuel-air 
ratios. Pi phenyl amine was of Interest "because its effectiveness 
was almost Independent of engine variables. Cumldlnes made from 
refinery oumene and cumldlnes made from synthetic cumene gave about 
the same performance under modified conditions but, as the severity 
increased, the cumldlnes made from refinery cumene appeared to give 
a better performance than those made from synthetic cumene. 

Other trends in knock-limited porf ormance at given engine 
conditions and fuel-air ratio can be easily correlated with chemical 
structure. (See figs. 13 and 14.) 



SUMMARY CEB" RESULTS 

The followin.3 results wero obtained from the entire investiga- 
tion of the antiknock effectiveness of 2-peroent additions of 
27 aromatic amines to AN-F-28 (23-R) fuel in a CFR engine: 

1. The following aromatic amines tested could be of use as 
aviation-fuel additives: 

(a) Diphenylamine gave the most consistent power improve- 
ment, roughly 10 percent, at all fuel-air ratios and engine condi- 
tions. 

(b) N-mothyl-£-toluidine, N,N-dlothyl-p_-phenylenediamine, 
N,N f -dimethyl -p_-ph.enylenediamine, and N,N-dimethyl-p_-phenylenediamine 
were very good antiknock agenta under modified conditions but their 
knock-limited performance was sensitive to inlet-air temperature 

and fuel-air ratio. 

(c) Other aromatic amines that showed promise as antiknock 
agents are aniline, p_-isopropylaniline, 2,6-xylldine, commercial 
acylidines, 2,4-xylidine, p_-toluidlne, N-methylaniline, and p- tert- 
butylaniline . 

2. The following characteristics of the molecular structure 
were found in this investigation: 

(a) An increase in the length of an JT-alkyl radical beyond 
one carbon atom depreciated the power improvement in both the lean- 
and the rich-mixture region at the engine conditions tested. 



(b) The order of decreasing temperature sensitivity and 
increasing performance among the toluldines was ortho, meta, and 
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para. Under modified conditions the difference between the meta 
and the para position was questionable, however, because the meta 
position gave better performance at same fuel-air ratios. 

(c) Dipheny lamlne did not have the sensitivity to fuel- 
air ratio and engine conditions common to all of the other single- 
ring structures tested. The desirability of further tests on 
double-ring compounds is Indicated. 

(d) Less sensitivity to engine conditions at lean mixtures 
was experienced with 2,6-rylidine than with 2,4-xylidine. 

3. No significance was attributed to any slight changes in 
indicated specific fuel consumption that occurred with the various 
aromatic amines during the course of the project. 



Aircraft Engine Research Laboratory, 

National Advisory Ccamaittee for Aeronautics, 
Cleveland, Ohio, August 23, 1944. 
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TABLE I 



SUMMARY OF ANTIKNOCK EFFECTIVEHESS OF 2 -PERCENT ABOMATIC-AMHIE AMXTTIOIE TO 28-B FUEL 

F-4 method: Inlet-air temperature, 225° F; coolant temperature, 375° Fj spark advance, 45° B. 
Modification A: inlet-air temperature, 250° F; coolant temperature, 250° F; spark advance, 30° B. 
Modification B: inlet-air temperature, 150° F; coolant temperature, 250° Fj spark advance, 30° B. 



Relative power = i™P (aromatic amine plus AN-F-28) 

imep (AN-F-28) 



Aromatic amines (2 -per- 
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28-B 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


2,4-3ylidin9 


.93 


1.04 


1.13 


■ S2 


1.03 


1.14 


.99 


1.12 


1.13 


1.05 


1.12 


1.12 


N-Ethylaniline 


.91 


.99 


1.04 


.97 


1:04 


1.04 


1.04 


1.05 


1.05 


1.01 


1.04 


1.04 


2 , 4-Diethylaniline 


.37 


.98 


1.04 


.92 


.92 


1.04 


.93 


1.03 


1.03 


..98 


1.06 


1.03 


Diphenylamine 


1.10 


1.11 


1.10 


1.07 


1.08 


1.08 


1.09 


1.10 


1.11 


1.11 


1.15 


1.10 


N, N-Diethyl-p_-phanylene- 
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.98 


1.11 


1.10 


.89 


1.11 


1.19 


1.10 


1.17 


1.19 


1.16 


1.17 


1.14 


N-Isopropyl-p_- isopropyl- 
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1.00 
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1.03 
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N,N' -Dimetayl-p_-phenylene- 
diamine*/" 
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N, ff- Dimethyl -£-phenylene- 
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.97 


1.12 




.8S 


1.13 




.99 


1.18 




1.16 


1.16 




| Cumidlnes (from refinery 


























1 cumene) 


1.01 


1.05 


1.06 


1.02 


1.10 


1.09 


1.04 


1.07 


1.04 


1.05 


1.07 


1.11 



a 1.76 percent amine added. 

*>Data limited because of insufficient fuel. 
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TABLE II 



P-3 EATINGS OP 2 -PERCENT BLEEDS OP AROMATIC 
AMINES AND 28 -E FUEL 



Aromatic amines (2-per- 


P-3 ratings 


cent addition to 










28-B fuel) 


S-3 + ml TEL 


Performance Number 


28-E 


0 


100 


2,4-Xylldina 


.06 


102 


N-Ethylaniline 


.06 


102 


2,4-Diethylaniline 
Diphenylamine 


a 99.7 


99.5 


.72 


120 


N,N-D1 ethyl -£-phenylenedlamine 


^9.2 


99 


N-l8opropyl-£-ieo^ropylanlllne 


.10 


104 


Cumldinea (from refinery oumene) 


.13 


105 



a 0ctane number. 
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Fuel-air ratio 

(a) Lnlet-air temperature, 225° F; spark adTanoe. 45° B.T.C.; cool- 
ant temperature, 375° F. 

Figure I. - Effect of addition of 2-percent 2, 4-xylidine to 28-R fuel 
on knock-limited performance of a CFR engine. Engine speed, 
1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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.09 .10 
Fuel-air ratio 

(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 
Figure I. - Continued. Effect of addition of 2-percent 2,4-xylidine 
to 28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 




Fuel-air ratio 

(c) Lnlet-air temperature, 150° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure I. - Concluded. Effect of addition of 2-percent 2, 4-xylidine 
to 28-R fuel on knock-limited performance of a CFR engine. Engine 
3peed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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Fuel-air "ratio 

(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.; oool- 
ant temperature, 375° F. 
Figure 2. - Effect of addition of 2-percent N-ethylanil ine to 28-R fuel 
on knock-limited performance of a CFR engine. Engine speed, 
1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 2. - Continued. Effect of addition of 2-percent N- 

ethylaniline to 28-R fuel on knock-limited performance of a CFR 
engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil tem- 
perature, 165° F. 
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(c) Inlet-air temperature, 150° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 2. - Concluded. Effect of addition of 2-percent N- 

ethylaniline to 28-R fuel on knock-limited performance of a CFR 
engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil tem- 
perature, 165° F. 
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Fuel-air ratio 

(a) Islet-air temperature, 225° F; spark advance, 45° B.T.C. ; cool- 



ant temperature, 375° F 

Figure 3. - Effect of addition of 2-percent 2,4-diethylaniline to 
28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 




Fuel-air ratio 

(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 3. - Continued. Effect of addition of 2-percent 2, 4-di.et,hyl- 
aniline to 28-R fuel on knock-limited performance of a CFR engine. 
Engine speed, 1800 rpm; compression ratio, 7.0; oil temperature, 
165° F. 
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(o) Inlet-air temperature, 150° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 3. - Concluded, Effect of addition of 2-percent 2,4-diethyl- 
aniline to 28-R fuel on knock-limited performance of a CFR engine. 
Engine speed, 1800 rpm; compression ratio, 7.0; oil temperature, 
165° F. 
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(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.* cool- 
ant temperature, 375° F. 

Figure 4. - Effect of addition of 2-percent diphenylamine to 28-R fuel 
on knock-limited performance of a CFR engine. Engine apeed, 
1800 rpm; compression ratio, 7.0;- oil temperature, 165° F. 
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(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 25-0° F. 

Figure 4. - Continued. Effect of addition of 2-percent diphenylamine 
to 28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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(c) Inlet-air temperature, 150° F; spark advance, 30° B.T.C. ; cool- 
ant temperature, 250° F. 

Figure 4. - Concluded. Effect of addition of 2-percent diphenylamine 
to 28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.; cool- 
ant temperature, 375° F. 

Figure 5. - Effect of addition of 2-percent N, N-diethyl-p- 

phenylenediamine to 28-R fuel on knock-limited performance of a CFR 
engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil tem- 
perature, 165° F. 
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(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C. ; cool- 
ant temperature, 250° F. 

Figure 5. - Continued. Effect of addition of 2-percent N, M-diethyl- 
p-phenylenedj amine to 28-R fuel on knock-limited performance of a 
CFR engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil 
temperature, 165° F. 
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(o) Inlet-air temperature, 150° P; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 
Figure 5. - Concluded. Effect of addition of 2-percent N,N-diethyl- 
p-phenylenediamine to 28-R fuel on knock-limited performance of a 
CFR engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil 
temperature, 165° F. 




Fuel-air ratio 

(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.; cool- 
ant temperature, 375° F. 

Figure 6. - Effect of addition of 2-percent N-isopropyl-p- 

isopropylaniline to 28-R fuel on knock-limited performance of a CFR 
engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil tem- 
perature, 165° F. 
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(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 6. - Continued. Effect of addition of 2-percent N-isopropy 1-p- 
iaopropylaniline to 28-R fuel on knock-limited performance of a CFR 
engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil tem- 
perature, 165° F. 
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[o) Inlet-air temperature, 150° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 2b0° F. 

Figure 6. - Concluded. Effect of addition of 2-percent N-isopropyl-p- 
isopropylaniline to 23-R fuel on knock-limited performance of a CFR 
engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil tem- 
. perature, 165° F. 
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Figure 7. - Effect of addition of 1.76-percent N, N' -dimethyl-p- 

phenylenediamine to 28-R fuel on knock-limited performance of a CFR 
engine. Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; 
coolant temperature, 250° F; engine speed, 1800 rpm; compression 
ratio, 7.0; oil temperature, 165° F. 
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(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.; cool- 
ant temperature, 375° F. 
Figure 8. - Effect of addition of 2-percent N, N- dim ethyl- p- 

phenylenediamine to 28-R fuel on knock-limited performance of a CFR 
engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil tem- 
perature, 165° F. 
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(b) Inlet-air temperature, 250° P; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 8. - Concluded. Effect of addition of 2-percent N, N-dimethyl- 
p-phenylenedi amine to 2S-R fuel on knock-limited performance of a 
CFR engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil 
temperature, 165° F. 
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(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.; cool- 
ant temperature, 375° F. 

Figure 9. - Effect of addition of 2-percent cumidines (from refinery 
cumene) to 28-R fuel on knock-limited performance of a CFR engine. 
Engine speed, 1800 rpm; compression ratio, 7.0; oil temperature, 
165° F. 
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(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 9. - Continu.ed. Effect of addition of 2-percent cumi.dines 
(.from refinery cumene) to 28-R fuel on knock-limited performance of 
a CFR engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil 
temperature, 165° F. 
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(c) Inlet-air temperature, 150° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 9. - Concluded. Effect of addition of 2-percent cumidines 
(from refinery cumene) to 28-R fuel on knock-limited performance of 
a CFR engine. Engine speed, 1300 rpm; compression ratio, 7.0; oil 
temperature, 165° F. 



16. 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



12. 



■ T-k condition 
B Modification A 
Q Modification B 



5 



2-Toluldln« 

H-H-H 

,/\,0 



S 

o 

b 

p- 



e 

1 



I 



^ K-Isopropyl-2" 
toluldlne 



H-N 




H-H-H 



H-N-H 



H-N-C-C 



H-N-H 



H-N-C 




Aniline 



-8. 



E-Toluldlne 
*-Toluldln« 



N-MettlYl-B- 



K-Bthyl-D- 
ifhi 



toluldlne 



toluldlne 



-12- 



(a) Fuel-air ratio, 0.062. 

Figure 10. - Effect of toluidines and aniline on knock-limited performance 
of AN-F-28 fuel. (Data from references I and 2.) 
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(b) Fuel-air ratio, 0. 

Figure 12. - Concluded. Effect of alkyl substitutions to the aromatic ring on 
knock-limited performance of AN-F-28 fuel. (Data from references I and 2 and 
from table I of this report.) 
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Figure 13. - Effect of molecular structure on relative power of various 
aromatic amines in AN-F-28 fuel at F-4 conditions. 
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Figure 13. - Concluded. Effect of molecular structure on relative 
power of various aromatic amines in AN-F-28 fuel at F-4 conditions, 
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Figure 14. - Effect of molecular structure on relative power of various 
aromatic amines in AN-F-28 fuel at modification A. 
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(b) Fuel-air ratio, 0.090. 

Figure 14. - Concluded. Effect of molecular structure on relative 
power of various aromatic amines in AN-F-28 fuel at modification A. 
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